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Factors Involved in Regulating the Development of Ovarian Follicles in Cattle
Andrew J. Roberts, Sherrill E. Echternkamp, Judith M.Grizzle, and Thomas H. Wise'
Introduction
The inability to regulate ovarian follicular development is
a major obstacle to improving reproductive efficiency in cat-
tle whether the objective be estrous cycle regulation, multi-
ple ovulations and births, superovulation for embryo trans-
fer, a shorter postpartum anestrous period or younger age
at puberty. Similarly, normal growth and selection of ovula-
tory follicles are required for sexual behavior, for maturation
and release of viable oocytes and for preparation of the
uterine environment for gamete transport, fertilization and
embryonic development. Increasing reproductive efficiency
is critical to increasing livestock production as reproductive
losses in cattle range from 20 to 35%. Research outlined in
this report is focused on providing insight into how circulat-
ing hormones (Le., the endocrine system) and factors pro-
duced within the ovary (Le., paracrine and autocrine sys-
tems) are involved in regulating follicular development and
ovulation rate.
It is well documented that hormones secreted from the
pituitary (Le., LH and FSH) stimulate follicle development.
However, it now appears that factors produced within the
ovaries may also be important for regulating follicular devel-
opment. Recently, the following peptides and proteins have
been shown to exert either stimulatory or inhibitory effects
on ovarian follicular growth, maturation and steroidogene-
sis: insulin-like growth factors (IGF-I and -II), transforming
growth factors (TGF) alpha and beta, epidermal growth fac-
tor, platelet-derived growth factor, fibroblast growth factor,
plasminogen activator, interleukin-I, activin, and inhibin.
Although this list contains several factors, it is by no means
complete. In fact, many new factors are identified each
year that appear to have roles in regulating follicular devel-
opment. Obviously, the mechanisms involved in controlling
follicular development are probably very complex and
depend on the actions and interactions of both circulating
hormones and substances produced in the ovary.
Research is currently being conducted to determine the role
that IGF-I, TGF-alpha, TGF-beta, inhibin, and interleukin-I
have in regulating follicle development and ovulation rate.
Research and Procedures
Because the factors of interest are produced and act
within the ovary, it is very difficult to determine their actions
by simply evaluating blood samples from live animals.
Therefore, most of the studies conducted to date have
involved the collection of follicles from ovaries obtained from
cows slaughtered at different stages of the estrous cycle.
The follicular fluid and cells from these follicles are then
used to measure the amount of the different factors of inter-
est. In addition, cells from follicles are also cultured in incu-
bators for several days to determine the effects that treat-
ment with the various growth factors have on the cells' abil-
ity to proliferate and perform the necessary biochemical
processes needed for follicular development (Le., the pro-
duction of androgens, estrogens, and progesterone).
Interest in the role that IGF-I has in regulating follicular
development stems from research findings that IGF-I
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enhances the response of follicle cells to FSH and findings
that IGF-I levels are higher in the blood and follicular fluid of
twin-producing cows. However, the role that IGF-I has in
regulating follicular development is now further complicated
by the fact that several different proteins, called IGF-binding
proteins, are also found in developing follicles. These pro-
teins bind to IGF-I and either prevent or enhance the
actions of IGF-I. Research is now underway to characterize
levels of IGF-I and of the various IGF-I binding proteins in
follicles at different stages of development. Preliminary
results indicate that the levels of IGF-I may not differ very
much between follicles at different stages of development.
However, the quantity and types of IGF-I binding proteins
decrease with follicular development. It is speculated that
changes in IGF-binding protein profiles may be important in
regulating the maturation of small follicles to large follicles.
Research interest in the roles that TGF-alpha and TGF-
beta have in regulating follicular development stems from
the discovery that these two proteins are produced by cells
within the follicle. To date, research has shown that these
two factors may be important in regulating the growth of fol-
licles. Treatment of cells with TGF-alpha stimulates cells to
divide (Le., proliferate) during culture whereas treatment
with TGF-beta prevents proliferation in cells treated with
TGF-alpha. These two growth factors may therefore pro-
vide the mechanism by which growth of follicles can be con-
trolled, since follicle growth is in part due to an increase in
cell number within a follicle. Research is now underway to
determine if levels of TGF-alpha are higher in healthy,
developing follicles and if levels of TGF-beta increase in fol-
licles that regress or fail to develop to a large ovulatory size.
In addition, research is underway to determine what regu-
lates the production of these growth factors. It is possible
that in the future the amounts of these factors being pro-
duced within follicles may be manipulated to enhance the
reproductive efficiency of cattle.
It has been known for many years that inhibin is secreted
from follicles and acts at the level of the pituitary to sup-
press the release of FSH. However, little research has
been conducted to determine what direct effects inhibin may
initiate on follicular development. Recent research from
other laboratories proposed that interactions between differ-
ent cell types in the follicle may playa role in regulating the
number of ovulations. Specifically, interactions of inhibins
and steroids were different in humans or primates that nor-
mally have only one ovulation and species of animals that
have more than one ovulation. Since treatment with FSH is
commonly used to induce multiple ovulations in cattle, it
was expected that if interactions of inhibin and steroids
existed in follicles of cows, the differences in these factors
would be observed in cows receiving FSH and cows not
receiving FSH. Results from a study designed to test this
hypothesis demonstrate that production of inhibin and
androgen was higher in follicles from FSH-treated cows
than from nontreated cows. Conversely, estrogen was
lower in FSH- treated cows. Since inhibin is produced by
one cell type (Le., granulosa cells) and androgen is pro-
duced by another cell type (Le., theca cells) in the follicle,
these results provide preliminary evidence that inhibin and
steroid interactions may also exist between different cell
types in follicles of cows. Future studies will focus on fur-
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ther understanding the roles that inhibin and steroids have
in regulating ovulation rate.
The last area of research pertaining to how secretory fac-
tors produced within follicles may regulate follicular develop-
ment Involves Interactions of cells from the immune system
with cells in follicles. For many years the process of ovula-
tion has been said to have many similarities to inflammatory
responses that occur in other tissues. Recently, a study
was conducted to determine if macrophages, which are
cells from the immune system, migrate into follicles in a sim-
ilar fashion as would occur in response to an injury. Results
from this study demonstrate that the number of
macrophages found inside large folliclesdoes increase dur-
ing the two to three days prior to ovulation. These results
provide information that macrophages may also play an
important part in regulating folliculardevelopment and ovu-
lation. Since macrophages can secrete several factors that
can alter the functionof many differenttypes of cells, itwas
of interest to examine the effects that some of these factors
may have on folliculardevelopment. One factor secreted by
macrophages, interleukin-I,has been shown by other labo-
ratories to alter the secretory functionof granulosa cells. To
further examine how interleukin-Imay alter folliculardevel-
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opment, a study was designed to evaluate theca cell func-
tion after treatment with interleukin-I. Results from this
study indicated that interleukin-Ican change the amount of
androgen and progesterone that is secreted by theca cells.
The exact roles of interleukin-Iand macrophages in regulat-
ing folliculardevelopment and ovulation are unknown, but
these results do indicate that they may be Involved In the
controlof folliculardevelopment and secretion.
Results from the studies discussed above provide addi-
tional support for the concept that substances produced
withinfolliclesmay play important roles in regulating follicu-
lar development and ovulation. However,our knowledgeof
what occurs during the development of folliclesIs stillvery
limited. The process of follicular development is very
wasteful In cattle because less than one percent of the folli-
cles that begin to develop ever reach the stage of ovulation.
Although application of the research described above may
not readilybe apparent,it is expected that by gaining a bet-
ter understanding of all the processes involved in follicular
development, we as scientists will more likely be able to
develop procedures to enhance the reproductive efficiency
of cattle.
